Characteristic of Bird Community Arriving in Sihwa Lake  by Park, Chi-Young et al.
Journal of Korean Nature Vol. 4, No. 1 11-19, 2011
Characteristic of Bird Community Arriving in Sihwa Lake
Chi-Young Park1, Ho-Joon Kim2, Seon-Deok Jin3, In-Hwan Paik3, Jea-Pyoung Yu3,
Woon-Kee Paek3, and Joon-Woo Lee1
1Department of Forest Resources Chungnam National University, Daejeon 305-764, Korea
2Korea Institute of Water and Environment, Daejeon 305-730, Korea
3Department of Natural History, National Science Museum, Daejeon 305-705, Korea
Abstract: This study was conducted in the region of Lake Sihwa between January and December of 2009, once
every month, in order to assess the area's avian fauna. The result of the study showed 106,430 individuals (Sum of
maximum count) of 153 species, 38 families and 14 orders. Dominants species included, in decreasing order, the
mallard Anas platyrhynchos (18.2%), dunlin Calidris alpina (14.5%), greater scaup Aythya marila (11.1%), pochard
Aythya ferina (8.2%) and the Eurasian wigeon Anas penelope (6.3%). Diversity Index was the highest in April at 3.00
and the lowest in November at 2.15. Evenness Index was the highest in May at 0.73 and the lowest in March at 0.53.
Richness Index was the highest in April at 7.54 and the lowest in November at 4.47.
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Introduction
Korea has experienced rapid economical growth since the
1970s, which has led to a high level of developments on
land. Therefore, there has been low level of understanding
of the natural environment, and nondiscriminatory developments
have had significant effects on the natural environment as
well as the habitat of living organisms, which has eventually
led to decrease in the diversity of living organisms.
The World Wildlife Fund (WWF) has defined wildlife
diversity as ‘the richness of all living organisms found on
Earth, including the millions of plants and animal species,
their genes and the complex and varied ecosystem which
form their environment’. The maintenance of wildlife is
necessary for the survival of species and natural colonies as
well as humans (Wilson, 1992), and urban planning must
also take into consideration measures to maintain wildlife
diversity (White, 1994).
While there have been a wide range of studies on wild
birds and other relevant studies in Korea, there is a shortage
of studies on long-term development plan areas, when
taken into consideration that the majority of the studies
have been conducted on big cities (Chung and Lee, 2000).
Therefore, the study was conducted to analyze the
characteristics of avian colonies in the region of Lake
Sihwa, which is expected to have undergone ecological
changes as a result of new urban developments, and to
provide basic information for the maintenance and increase
of species diversity.
Materials and Methods
Lake Sihwa, the area under study, is a man-made lake
surrounded by Siheung, Ansan and Hwaseong of Gyeonggi-
do, and plans for its development began in the 1970s in
accordance with the Banwol Specialized Region Developmental
Plans. The construction of lake was a part of a large-scale
mixed developmental plan, and official construction of the
Shihwa tide embankment was began in April of 1987 between
Oido, Jeongwang-dong of Siheung-si and Bangameori,
Daebu-dong of Ansan-si, and completed in January of
1997.
The Sihwa tide embankment is 12.7 km long (Korea
Water Resources Corporation, 2nd Stage of a Developmental
Plans of the Sihwa Region, 1998), and the surface area of
the lake is 43.80 km2, while the surface area of its drainage
basin is 476.5 km2.
The study area included Lake Sihwa as the center, and
the area was divided into 10 regions of Lake Sihwa's
artificial wetland (A), Lake Sihwa upstream (B), Dinosaur
egg fossilization area (C), Southern reclaimed land of Lake
Sihwa (D), Tando waterway (E), Oejido (F), Bangameori
Dock (G), Inner Lake Sihwa (H), Northern reclaimed land
of Lake Sihwa (I), Oido mudflat and outskirts of Lake
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Sihwa (J), taking into consideration the surrounding
environments, region’s vegetation, water depth and
characteristics of avian habitat (Fig. 1). Individual region
was divided into 2 or 3 sub-regions for study in order to
assess the characteristics of avian colonies. The study was
conducted between January and December of 2009, twice a
month, at the beginning and the end of the month.
Study method incorporated dividing the study area into
two sub-regions, south and north, to be analyzed at set
order and time by a group of two researchers. The area
within 1 km radius of the center point was observed, and
area within 2 to 3 km radius was observed in the case of
open field or islands. Binoculars (8×30, Nikon) and field
scopes (×20~60, Swalovski) were used in order to confirm
observed species and individuals, and in the case of either a
community which includes over 1,000 individuals or
species which have been designated as Class I or II
endangered species by Ministry of Environment or a
natural monument species by the Cultural Heritage
Administration of Korea, the point of observation was
recorded using a GPS and a map (1:60,000). In areas where
a specific avian species was observed in high frequency, the
spot census method, which assesses the species and
individual count of an area over a certain time period, was
also used. Furthermore, species and individual count
recorded also included that confirmed via bird cry.
Documents by Howard and Moore (1998) and Lee et al.
(2000) were used to record the scientific and common
names of the avian species observed, and in the case of
natural monuments, Class I and II environmentally endangered
species and government protected species, documents by
Cultural Heritage Administration of Korea (2003, 2005)
and the Ministry of Environment (2001) were used.
Equations used for the analysis of the study results are as
follows (McNaughton, 1967; Shannon and Weaver, 1963;
Pielou, 1975; Margalef, 1963).
1) Dominance: D
D=ni/N×100
ni: number of species I
N: total number of birds in the study site
2) Species diversity: H'
H'= -Σ(Pi)×ln(Pi)
(Pi=ni/N)
3) Evenness: E'
E'=H'/ln(S)
H': Species diversity
S: total number of species
4) Richness: R'
R'=(S-1)/ln(N)
S: total number of species
N: total individual count
Results and Discussion
The study conducted between January and December of
2009 showed a total of 106,430 individuals (Sum of
maximum count) of 153 species, 38 families and 14 orders
(Appendix 1). Dominant species included, in decreasing
order, the mallard Anas platyrhynchos (18.2%), dunlin
Calidris alpina (14.5%), greater scaup Aythya marila
(11.1%), pochard Aythya ferina (8.2%) and the Eurasian
wigeon Anas penelope (6.3%) (Fig. 2). The majority of the
birds found were water birds, and ducks showed the highest
Fig. 1. Location of survey site in Sihwa lake.
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dominance at 43.9%. Such finding supports the results of
the study on the migratory pathway of migratory birds and
temporary inhabitation (Kim et al., 1999), study on the
circumstances and individual count changes of water birds
inhabiting the west coast of Korea (Lee, 2000) and the
winter migratory census of ’99 to ’04 (Ministry of
Environment, 2004), and it can be seen that the mallard is
one of the main dominant water bird species of Korea.
Japan has also reported dominance of the mallard, greater
scaup and the spot-billed duck in terms of natatorial birds
(WBSJ, 1985).
In terms of the changes of dominant species in
accordance with time, the mallard and the Eurasian wigeon,
which are dabbling ducks, showed rapid increase after
September and maintained such level until November,
followed by decrease in count. The greater scaup and the
pochard, which are diving ducks, showed increase in
population after December and maintained such trend until
after February.
In the case of dunlin, the highest count was in March,
when migration begins, and the count decreased after April,
the end of migratory season (Fig. 3).
Looking into the species and individual count observed
in terms of time, the highest number of species was
observed in April at 74 counts, and the overall species
distribution was between 42 and 74 species (average of 56
species). Such finding is assessed to be the result of the
time period including the migratory season for migrating
Fig. 2. Dominant species of bird in Sihwa lake.
Fig. 3. Change of the individuals on the dominant species in Sihwa lake.
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shorebirds passing through Korea during spring, preliminary
migration of summer migratory birds and late migration
towards the North of winter migratory birds. February
showed the highest individual count at 51,338, and over
distribution was between 2,601 and 51,338 individuals
(average of 21,656 individuals). Such finding is assessed to
be the result of the development of large-scale communities
by ducks as a result of environmental factors, such as
freezing (Fig. 4).
In terms of the species and individuals in accordance
with the individual study areas, A (artificial wetland)
showed the highest number of species at 91 species,
followed by D (southern reclaimed land) at 85 species. The
number of species ranged between 26 and 91 species
(average of 61 species), which displayed differences in the
number of species in different regions (Fig. 5). Artificial
wetlands are a freshwater wetland region which includes
various aquatic plant species, including the reed and the
cattail, and while it is assessed that man-made islands and
wetlands provide suitable environment for dabbling duck
habitation, the reed field region is expected to function as
hiding ground, sleeping ground and resting ground for
Passeriformes. The southern reclaimed land includes a
wide tideland and a wide range of environments, including
lake of the Hyeongdo and Eumdo region, uneven shoreline
and grass field connected to the forest edge. This is
assessed to have led to high number of species observed.
Summer time’s black coot, moorhen and the little grebe are
found to especially inhabit the reed field of the Hyeongdo
water retention zone, and the region was also found to be
used as resting grounds for various Anatidaes during the
winter. In terms of the individual count, Area F (Oejido
Waterproof Agent) showed the highest individuals at
87,619, followed by Area G (Bangameori Waterproof
Agent) at 41,068 individuals. Individual count ranged
between 2,638 and 87,619 (average of 25,988 individuals).
The waterproof agent area is a region which has developed
agricultural grounds for fish farming and has captured
water using waterproof agent pathways in order to store
agricultural water. The region includes wide water space,
island regions and waterside zone in the form of mudflats,
which provides sleeping and resting grounds for Heronries
during the summer. During the winter, the deep water
region was characterized by colonies of diving ducks,
including the greater scaup and the pochard, and the
shallow region was found to provide sleeping, resting and
safe grounds for colonies of dabbling ducks, including the
mallard and the Eurasian wigeon.
Fig. 4. Monthly variation of the number of species and individuals in Sihwa lake.
Fig. 5. Number of species and individuals of survey site.
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In terms of the dominant species of significant areas, the
dinosaur egg fossilization area showed the highest level at
37.5% by the mallard, 16.2% in the southern reclaimed
land and 31.8%, a high level, in Oejido waterproof agent. In
the Bangameori waterproof agent region, the greater scaup
showed the highest level at 26.8%, while the dunlin showed
38.4% dominance in the northern reclaimed lands and the
black-tailed gull showed 38.9% dominance in the mudflats
and the outskirts of Lake Sihwa. Such findings show that
the region of Lake Sihwa provides appropriate conditions
for water birds, and the region is assessed to function as
stopping grounds for spring and autumn migratory birds
which fly through Korea (Table 1).
Comparing to the ecological index of the avian colonies,
Species Diversity was the highest in April at 3.00 and the
lowest in November at 2.15. Evenness was the highest in
May at 0.73 and the lowest in March at 0.53. Richness was
the highest in April at 7.54 and the lowest in November at
4.47 (Fig. 6).
Bird distribution is influenced by various factors, including
the distribution of food supply, vegetaion and resting
grounds, and such factors determine the composition of
inhabiting species (Kwon et al., 2007).
A large number of birds were observed in this study on
the Lake Sihwa and the surrounding region, and the natural
formation of such a ecological network is assessed to be the
result of close proximity to various types of habitation
(Korea Water Resources Corporation, 2009) In conclusion,
it is assessed that the fragmentation of habitation as a result
of developments may result in decrease in wildlife diversity
and that habitats must be protected and managed in
accordance with the region’s ecological relationship with
the surrounding habitats.
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Appendix 1. List of bird in Sihwa lake
Scientific Name Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Sum of 
max.c.
Dom.
Podiceps ruficollis 2 15 15 28 30 12 117 39 251 70 80 8 251 0.2 
Podiceps grisegena 1 1 <0.1 
Podiceps cristatus 32 146 81 165 1 20 18 63 22 1 297 297 0.3 
Podiceps nigricollis 13 87 2 1 87 0.1 
Phalacrocorax carbo 7 149 794 352 318 223 1,024 743 552 87 1,024 1.0 
Phalacrocorax capillatus 113 4 113 0.1 
Ardea cinerea 146 133 139 186 116 142 179 221 341 156 73 5 341 0.3 
Egretta alba modesta 19 2 35 85 203 393 477 461 716 73 30 2 716 0.7 
Egretta alba alba 63 54 127 388 25 388 0.4 
Egretta intermedia 8 3 16 1 1 16 <0.1 
Egretta garzetta 11 11 34 74 133 155 206 440 12 16 440 0.4 
Bubulcus ibis 9 14 39 79 67 79 0.1 
Butorides striatus 2 2 <0.1 
Nycticorax nycticorax 1 6 6 8 1 2 8 <0.1 
Ixobrychus sinensis 1 2 2 <0.1 
Botaurus stellaris 4 3 4 <0.1 
Platalea leucorodia 13 17 45 13 92 35 92 0.1 
Platalea minor 5 2 139 139 0.1 
Cygnus cygnus 109 225 5 71 32 225 0.2 
Anser cygnoides 4 4 <0.1 
Anser fabalis 33 1,879 632 133 85 4 2,500 32 2,500 2.3 
Anser albifrons 31 1 31 <0.1 
Tadorna ferruginea 48 49 12 5 1 5 2 49 <0.1 
Tadorna tadorna 952 1,624 705 137 274 738 1,106 1,624 1.5 
Aix galericulata 13 16 1 16 <0.1 
Anas penelope 1,062 853 1,445 1,044 102 4,000 4,170 6,733 50 6,733 6.3 
Anas americana 1 1 <0.1 
Anas falcata 1,861 596 396 455 38 2,730 1,797 76 2,730 2.6 
Anas strepera 384 1,144 865 304 109 768 2,489 14 2,489 2.3 
Anas formosa 5 5 <0.1 
Anas crecca 288 119 207 284 734 11 49 4 734 0.7 
Anas platyrhynchos 5,309 11,773 3,164 108 13 2 0 1 2,639 8,455 19,377 752 19,377 18.2 
Anas poecilorhyncha 1,712 1,245 1,474 407 227 273 486 189 732 2,569 3,084 316 3,084 2.9 
Anas acuta 489 1,738 122 101 24 9 52 75 1,738 1.6 
Anas querquedula 11 11 <0.1 
Anas clypeata 5 102 92 29 49 4 102 0.1 
Aythya ferina 3,096 8,746 3,381 61 895 2,317 1,595 3,283 8,746 8.2 
Aythya fuligula 149 290 396 885 320 1 887 246 887 0.8 
Aythya marila 8,970 8,790 11,839 710 1 195 477 338 1,000 11,839 11.1 
Clangula hyemalis 1 1 <0.1 
Melanitta nigra 8 8 <0.1 
Bucephala clangula 1,344 778 211 771 4,277 4,277 4.0 
Mergus albellus 38 38 5 12 38 <0.1 
Mergus serrator 18 18 <0.1 
Mergus merganser 47 355 15 2 147 817 49 817 0.8 
Pandion haliaetus 1 1 1 <0.1 
Haliaeetus albicilla 1 3 12 12 <0.1 
Circus cyaneus 7 1 1 2 2 7 <0.1 
Accipiter soloensis 1 1 <0.1 
Accipiter nisus 1 1 1 <0.1 
Accipiter gentilis 2 1 2 <0.1 
Buteo buteo 3 8 3 3 2 2 5 8 <0.1 
Buteo lagopus 2 2 <0.1 
Buteo hemilasius 5 5 1 4 5 <0.1 
Falco tinnunculus 4 3 7 2 4 4 4 1 4 10 10 <0.1
Falco columbarius 1 1 <0.1
Falco subbuteo 2 1 2 <0.1
Falco peregrinus 1 1 1 <0.1
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Appendix 1. continued
Scientific Name Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Sum of 
max.c.
Dom.
Phasianus colchicus 11 7 5 10 15 5 2 6 3 9 1 8 15 <0.1
Rallus aquaticus 3 3 <0.1
Gallinula chloropus 2 1 7 45 2 45 <0.1
Fulica atra 632 722 382 673 15 8 95 178 1,004 716 2,451 225 2,451 2.3
Haematopus ostralegus 2 4,541 74 50 32 3 3 33 25 4,541 4.3
Himantopus himantopus 1 1 <0.1
Vanellus vanellus 44 1 44 <0.1
Pluvialis squatarola 6 2 526 187 28 3 30 51 526 0.5
Charadrius placidus 1 1 <0.1
Charadrius dubius 1 6 2 1 6 <0.1
Charadrius alexandrinus 48 217 115 28 10 217 0.2
Charadrius mongolus 25 25 <0.1
Limosa limosa 1 5 5 <0.1
Limosa lapponica 46 988 54 12 988 0.9
Numenius phaeopus 36 268 21 268 0.3
Numenius arquata 130 121 8 19 26 5 470 470 0.4
Numenius madagascariensis 9 108 107 8 4 1 108 0.1
Tringa erythropus 19 19 8 19 <0.1
Tringa totanus 5 5 <0.1
Tringa stagnatillis 51 2 109 109 0.1
Tringa nebularia 73 5 141 17 50 141 0.1
Tringa guttifer 2 2 <0.1
Tringa ochropus 1 1 1 <0.1 
Tringa glareola 1 1 1 <0.1 
Xenus cinereus 75 15 10 75 0.1 
Actitis hypoleucos 3 1 3 <0.1 
Heteroscelus brevipes 6 1 6 <0.1 
Arenaria interpres 5 5 <0.1
Gallinago gallinago 1 1 <0.1 
Calidris tenuirostris 990 990 0.9 
Calidris ruficollis 56 78 11 78 0.1 
Calidris alpina 278 1,014 15,477 4,140 41 42 129 15,477 14.5 
Calidris ferruginea 1 1 <0.1 
Larus crassirostris 382 3,706 1,827 341 168 1,155 1,041 2,053 1,600 1,934 731 39 3,706 3.5 
Larus canus 1 53 53 <0.1
Larus argentatus 64 481 120 47 6 2 20 284 189 376 100 481 0.5 
Larus ridibundus 90 246 476 177 291 192 161 476 0.4 
Larus saundersi 4 7 7 <0.1 
Sterna hirundo 3 3 <0.1
Sterna albifrons 84 327 207 327 0.3 
Streptopelia orientalis 169 25 26 30 26 29 24 46 40 8 111 37 169 0.2 
Cuculus canorus 4 4 <0.1 
Bubo bubo 1 1 1 1 <0.1
Ninox scutulata 1 1 <0.1
Alcedo atthis 1 1 3 3 3 <0.1 
Eurystomus orientalis 2 3 2 3 <0.1
Dendrocopos kizuki 3 2 2 1 3 <0.1 
Dendrocopos major 1 1 1 1 <0.1 
Picus canus 1 1 1 1 1 1 <0.1 
Alauda arvensis 171 96 104 15 112 5 6 43 12 11 9 171 0.2 
Riparia riparia 1 1 <0.1
Hirundo rustica 46 2 68 140 452 184 48 452 0.4 
Motacilla flava 2 1 1 1 80 80 0.1 
Motacilla cinerea 1 1 <0.1
Motacilla alba 21 1 7 9 4 10 21 <0.1 
Motacilla lugens 13 6 1 1 13 <0.1
Anthus richardi 1 1 <0.1 
Anthus cervinus 1 1 1 <0.1
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Appendix 1. continued
Scientific Name Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Sum of 
max.c.
Dom.
Anthus rubescens 16 16 <0.1 
Hypsipetes amaurotis 22 1 4 6 12 2 1 3 3 2 6 4 22 <0.1
Lanius bucephalus 1 1 1 1 2 4 4 <0.1
Lanius sphenocercus 2 2 <0.1 
Troglodytes troglodytes 1 2 2 <0.1
Phoenicurus auroreus 1 3 5 2 1 2 1 4 5 <0.1 
Saxicola torquata 27 5 2 8 5 4 27 <0.1 
Turdus hortulorum 1 1 <0.1
Turdus naumanni eunomus 1 24 9 5 4 24 <0.1 
Paradoxornis webbianus 495 181 145 263 130 138 167 169 123 67 17 291 495 0.5 
Cettia diphone 1 1 <0.1 
Acrocephalus orientalis 233 65 12 15 233 0.2 
Cisticola juncidis 2 6 19 8 66 41 66 0.1 
Muscicapa dauurica 1 1 <0.1
Aegithalos caudatus 6 23 23 <0.1
Parus palustris 4 3 1 4 <0.1
Parus ater 1 1 <0.1
Parus major 8 2 9 1 3 1 1 5 3 21 21 <0.1 
Parus varius 1 1 1 1 <0.1 
Emberiza cioides 1 1 <0.1 
Emberiza pusilla 5 5 <0.1 
Emberiza rustica 177 1 122 8 177 0.2 
Emberiza elegans 13 72 68 21 20 67 72 0.1 
Emberiza spodocephala 11 11 <0.1 
Emberiza pallasi 34 2 6 63 63 0.1 
Emberiza schoeniclus 6 6 <0.1 
Fringilla montifringilla 7 7 <0.1
Carduelis sinica 7 7 <0.1
Passer montanus 252 40 76 87 95 144 114 160 63 40 11 141 252 0.2 
Sturnus vulgaris 2 2 <0.1 
Sturnus cineraceus 20 20 <0.1
Oriolus chinensis 1 1 2 2 <0.1 
Garrulus glandarius 1 1 1 1 <0.1 
Cyanopica cyana 8 8 <0.1 
Pica pica 93 24 32 16 43 36 18 35 52 21 37 96 96 0.1 
Corvus corone 5 5 <0.1
Corvus macrorhynchos 1 1 <0.1
No. of species 68 57 63 74 58 42 45 46 56 50 49 66 153
No. of individuals 28,374 51,338 45,675 16,066 2,601 3,297 3,778 6,031 16,746 26,462 46,045 13,464 106,430
Species diversity(H') 2.39 2.47 2.18 3.00 2.94 2.34 2.55 2.42 2.73 2.23 2.15 2.30 2.98 
Evenness(E') 0.57 0.61 0.53 0.70 0.73 0.63 0.67 0.63 0.68 0.57 0.55 0.55 0.59 
Richness(R') 6.53 5.16 5.78 7.54 7.25 5.06 5.34 5.17 5.65 4.81 4.47 6.84 13.13 
